ABSTRACT
INTRODUCTION
Carpal-tunnel-syndrome (CTS) is a common disease that is frequently seen in adult age groups. The incidence of this syndrome varies between 1-5% in the general population, but may increase up to 15% in certain age and gender groups (1, 20, 21, 26) . In general, CTS is diagnosed by means of clinical findings and/or provocative and electrodiagnostic testing (EDT) results. The symptoms of CTS are caused by the entrapment of the median nerve in the carpal tunnel due to various factors. Provocative tests such as the Phalen test and Tinel sign are very valuable for clinical examination.
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Electromyography (EMG), an EDT method, is a gold standard in diagnosis (10). Although EMG is the most frequently utilized means of diagnosis, it has a significant rate of false negativity and false positivity (12). Magnetic resonance (MR) has been used for CTS cases as well since its first introduction in the 1980's. However, it was neglected as a routine means of diagnosis (7, 13, 16, 17) . In this study, we examined the contribution of wrist MR imaging to the diagnosis and treatment of cases that have been diagnosed with CTS by means of clinical and electrophysiological tests.
MATERIAL and METHODS
An MR Imaging was applied to 69 wrists of 55 patients, who received a diagnosis of CTS by means of clinical and electrodiagnostic testing (EDT) during the years 2011 and 2013. The purpose of MRI was to search for associated pathologies such as synovial cysts, avascular necrosis, degenerative bone cysts, or tenosynovitis, along with any abnormal signals of the median nerve of the tendon bundle located in the flexor retinaculum. A 1.5T system was utilized for MR imaging. We imaged 3 standard sequences by means of a wrist coil: 1) coronal or sagittal localization T1-weighted spin echo study (4 mm section distance, 4 minutes, 256x192 matrix image), 2) axial T1-weighted spin echo study (256x256 matrix image, 4 mm section distance, 5.5 minutes), 3) axial fast STIR imaging (256x224 matrix image, 4 mm section distance, 5.25 minutes).
In the MR analysis, the signal density of the median nerve was observed to be identical to muscle density in T2-weighted images, while a thinning and a hyperintense appearance was observed in the nerve in parallel to the nerve compression. However, the signal might get lost in very advanced compressions (4).
For the purpose of EMG tests, we placed the probes onto the distal part of the middle phalanx and the first proximal phalanx. Since the median nerve is easily palpable only between the flexor carpi radialis tendon and the medial palmaris longus tendon, one of the probes was placed to this area. To achieve improved proximal stimulation, we placed the probes to the medial area of the antecubital fossa located on the brachial artery medial to the the forearm biceps tendon.
The statistical analyses of the study were calculated by means of SPSS ver. 16.0. We used the Mann-Whitney U-test (Spearman correlation coefficient) for the comparison and correlation assessments. The statistical significance value was selected as p<0.05.
RESULTS
The cases consisted 54 female (98.2%) patients and one male patient. 41 (74.5%) cases suffered from unilateral CTS, while bilateral CTS were observed in 14 (25.5%) cases. We carried out a total of 69 EMG analyses. As result, we detected midlevel CTS in 39 wrists (56.5%) and advanced-level CTS in 30 wrists (43.5%5) (Figures 1, 2 ).
In 47 (68.1%) of 69 wrists that had been diagnosed with CTS in clinical and EMG tests, the CTS diagnosis was confirmed by MR imaging. While the MRI supported CTS in 26 wrists (66.6%) in mid-level CTS (as diagnosed by EMG), the results were positive in 21 wrists (70%) with an advanced-level CTS EMG finding.
In MRI analyses, we detected a total of 71 additional pathologies: 29 degenerative bone cysts, 28 ganglion cysts, 8 tenosynovitis, and 6 avascular necroses (Figures 3-6 ). While the MR detected 45 (63.3%) additional radiological pathologies in 39 wrists diagnosed with mid-level CTS by means of EMG, the number of detected additional pathologies was 26 (36.7%) in 30 wrists diagnosed with advanced-level CTS. In unilateral cases, we observed 52 (61.7%) additional pathologies. The number of observed additional pathologies was 19 (46.4%) in bilateral cases (Table I) .
Based on MR findings, we carried out an assessment on associated additional pathologies in cases diagnosed with CTS by means of EMG. Accordingly, the number of additional pathologies seen in 47 cases diagnosed with CTS by means of MR was 25 (53%), while the number of additional pathologies in 22 CTS cases with negative MR (i.e., pseudo CTS) was 41 (186%). The latter number represents the number of at least 
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one or more additional pathologies. In other words, the rate of additional pathologies in cases where the MR did not confirm CTS was much more common than in those with MRconfirmed CTS.
On the other hand, the number of additional pathologies in cases suffering from mid-level CTS was 11 (25.6%) in MRI positive cases, whereas the number in MRI negative cases was 29 (46.4%) (P<0.05). These results reveal that almost similar rates of additional pathologies are observed in midlevel and advanced cases where MR did not confirm CTS. In CTS patients with negative MR (Table II) , the average symptom duration was 39.4 months (range: 2-204 months). The duration was 38.4 months (range: 2-120) in mid-level EMG cases, while a symptom duration of 36.7 months (range: 4-204) was detected in advanced cases. No statistically significant relationship could be detected between the symptom duration and EMG findings (p>0.05). Similarly, no statistically significant relationship could be detected between the symptom duration and MRI findings (p>0.05).
DISCUSSION
As in many other diseases, MRI can be utilized to diagnose CTS. However, physicians prefer EMG as the primary means to diagnose CTS and MR was not developed into a standard method to diagnose CTS. Therefore, there is a lack of comprehensive, detailed studies that examine the role of MR in the diagnosis of CTS.
With this study, it is confirmed that MR contributes to the diagnosis of CTS, while revealing a large number of associated pathologies. The current study showed that the MRI confirmed the CTS diagnosis of 68% of patients who had been diagnosed with CTS by means of clinical and EMG tests. Besides, we detected additional pathologies in 72.4% of the wrists that we examined within the scope of the study. In other words, the MR revealed that the median nerve compression in some cases was not caused by a thickening of the transverse ligament, but by the presence of an associated pathology or the co-existence of both pathologies, in spite of a CTS diagnosis (i.e. compression of the nerve under the thickened transverse ligament) made by means of EMG and clinical tests.
The additional pathologies most frequently detected in the MR images of our study included degenerative bone cysts and ganglion cysts. Among these pathologies, we detected three ganglion cysts and two tenosynovites that applied pressure directly to the median nerve. Nowadays, EMG is routine procedure in the diagnosis of CTS. EMG is capable of eliminating cases of radiculopathy, polyneuropathy, and other trap neuropathy cases (10, 12, 22). However, EDT's with a reported sensitivity and specificity of 80.2%, and 78.7%, respectively, are rather subjective means of diagnosis due to factors depending on neurologist's interpretation, patient compatibility, and available devices (2, 8, 10 ). Moreover, EMG may deliver false positive results in 5% of all cases, although 93% abnormality is detected in cases with clinical symptoms (5, 12, 27) .
Another means of diagnosis that can be utilized in CTS and other wrist pathologies for diagnostic purposes is ultrasound. Wrist ultrasound can be helpful to diagnose median nerve pathologies in the carpal tunnel along with other pathologies such as tenosynovitis (12, 15, 18). Nevertheless, the sensitivity and specificity of ultrasound have been reported as 77.6% and 86.8%, respectively (9).
As demonstrated by this study, MR is another means that can be employed to diagnose CTS. MRI is capable of providing a detailed image of the median nerve along with other neural, vascular, and bone structures.
MR findings supporting CTS include oedema in the median nerve, thinning, signal variations, and decreased volume of the carpal tunnel. The findings that came to the forefront in our study were as follows: median nerve alterations in the due to the thinning of the nerve. However, no compatibility could be detected between the severity of these changes and complaints. This is in harmony with other examples reported in the literature (3, 6, 19, 24, 25) .
MR, oedema and increased T2 signal density in mid-level CTS cases diagnosed by EMG, and median nerve thinning in advanced-level CTS cases diagnosed by EMG. In other words, while a signal increase due to oedema is observed in midlevel cases, no signal increase is found in advanced-level cases On the other hand, it has been reported that idiopathic CTS cases are of bilateral nature in general, and that other pathologies have to be taken into consideration in cases where the EMG delivers the diagnosis of unilateral CTS. Some previous studies have reported the presence of additional pathologies in unilateral CTS cases at a rate of 35-66% (3, 14, 23) . In our study, the rate of observed pathologies in bilateral CTS cases was 46.4%, while this rate proved to be 61.7% in cases of unilateral CTS (p<0.05). Therefore, it is recommended to apply MR imaging to unilateral CTS cases.
The comparison of MR and USG reveals that MR gains the upper hand over ultrasound especially with respect to the imaging of bone deformities and ganglion cysts (15). Likewise, it has been reported that MRI is capable or delivering more detailed images of the wrist anatomy in cases with partial or no recovery despite surgical intervention (3, 11, 19, 25, 28) . Besides, it is known that MR is an objective and non-invasive method compared to EMG. However, MR is a technique that is more expensive and more time-consuming than both USG and EMG.
CONCLUSION
Patients with suspected CTS can be diagnosed by means of clinical examinations and electrodiagnostic tests. However, a wrist MRI is recommended in cases with dubious clinical symptoms, along with those who belong to a young age group, are of male gender, suffer from unilateral complaints, have recurrent symptoms, or lack any pronounced predisposing factors. The concurrent use of EMG and MRI in the diagnosis of CTS will increase the rate of CTS patients benefiting from surgical treatment, accompanied by a decreased rate of postoperative failures.
